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Svedberg and Katsurai (1929) proposed a phylogenetic nomenclatural system
for the classification of the phycobilin pigments of the algae. They designated the

phycoerythrin and phycocyanin from the red algae as R-phycoerythrin and R-

phycocyanin, respectively, and the corresponding pigments from the blue-green

algae as C-phycoerythrin and C-phycocyanin. In general, these pigments exhibit

the following absorption maxima :

Approximate absorption maxima
Pigment m/<

R-phycoerythrin 495 540 560

C-phycoerythrin 550

R-phycocyanin 550 615

C-phycocyanin 615

This system has proved inadequate in several instances (Kylin, 1912; Lemberg,
1930; Kylin, 1940; Haxo, ct a!., 1955) in that phycobilin pigments other than the

above types, as judged from their absorption spectra, have been isolated. In spite

of the apparent shortcomings of the Svedberg and Katsurai system of classification,

no new system has been proposed.
A new phycoerythrin has now been isolated from Porphyra naiadum and it is

proposed that this pigment be called B-phycoerythrin (tentatively so designated by
Blinks, 1954). This differs from known phycoerythrins in having two absorption

peaks, at 545 and 565 nip.. The isolation, purification and some properties of this

pigment will be discussed.

SOURCE

Porphyra naiadum Anderson is a member of the most primitive red algal order,

the Bangiales. There is now some question as to whether it belongs in the genus

Porphyra, since its life cycle is different. This is currently under study by Prof.

G. J. Hollenberg ; pending his description of a new genus, we must use the current

name. The thallus is one cell thick, extremely delicate, and yields its pigment

readily into fresh water in a few hours. It is found growing only upon a marine

flowering plant, Phyllospadi.v.

1 Research supported under contract with the Office of Naval Research (No. NR 120-050).
2 Present address : McCollum-Pratt Institute, The Johns Hopkins University, Baltimore 18,

Maryland.
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MATERIALS AND METHODS

Masses of thalli were stripped from the host plant and washed with distilled

water. The washed algal mass was then just covered with distilled water and

kept at 5 C. for about 15 hours. The supernatant, which contains the water-

soluble phycobilin pigments, was separated from the algae by centrifugation at

15.000 times gravity for one hour. By this procedure approximately 75 per cent

of the total phycobilins present can be extracted. The supernatant was filtered

twice through Whatman No. 1 filter paper and the filtrate centrifuged at 20.000 g
for twenty minutes. The pH of the pigment solution at this stage was 6.8-7.0.

The pigment solution was then dialyzed in "Visking" tubing for 12 hours at 1 C.

against 0.1 Macetate buffer, pH 5.0. The dialyzed pH 5.0 pigment solution con-

stituted the stock solution and will, in the future, be referred to as such.

RESULTSANDDISCUSSION

Purification and crystallization

The general method of purification and crystallization of phycobilin pigments,
which has varied slightly from investigator to investigator, involved precipitation

with ammonium sulfate (Kylin, 1912; Kitasato, 1925; Lemberg, 1928). This pre-

cipitation is carried out after the algae have been extracted for several days at room

temperature under slightly basic conditions.

This procedure was attempted on freshly extracted stock pigment solution from

P. naiad it in: it consistently failed to crystallize phycoerythrin and phycocyanin al-

though concentrated ammonium sulfate precipitated an amorphous mass. If the

stock pigment solution was allowed to stand at room temperature for several days,

then phycoerythrin (but not phycocyanin) could be crystallized by this method.

Bannister (1954) working with the blue-green alga Synechocystis apparently en-

countered similar difficulties in trying to crystallize with a freshly extracted pig-

ment solution. It seems very likely that the phycoerythrin obtained by the classical

procedure may be a modified pigment.
In contrast to ammonium sulfate treatment a freshly prepared stock pigment so-

lution yielded well-formed phycoerythrin crystals on simply standing, in the cold, for

about 24 hours at pH 4.5 These crystals were separated by centrifugation, washed

in acetate buffer at pH 4.5, and redissolved in water adjusted to pH 7.5. Recrys-

tallization could be carried out by reacidification to pH 4.5. The first crystalliza-

tion gave an estimated 20 per cent yield of the total phycoerythrin present, while

the second and subsequent recrystallizations were quantitative. The reason for

this low yield in the original crystallization will be discussed in a subsequent com-

munication. (Suffice it to say here that the non-crystallizable fraction appears to

have an iso-electric point (if at all) in very acid ranges.)

The absorption spectra of the original crystals and three-times recrystallized

B-phycoerythrin are presented in Figure 1. The main absorption maximum is at

545 mp.; this value did not vary between pH 5.0 to 7.0. Phycoerythrin that is

kept at pH 9.0 for 6 hours has the same absorption maximum but the blue (400-

450 m/j.) and red (600-700 m^) absorption is increased by about 300 per cent. Re-

cently Haxo ct al. (1955) have found that the phycoerythrin from Porphyndinm
was modified above pH 7.3. Our findings are also consistent with theirs in that
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we find that phycocyanin from P. naiaduin is irreversibly bleached at pH 9.0. In

contrast to the phycoerythrin from Porpliyridinni, however, neither the native nor

the crystalline B-phycoerythrin from Porphyra naiad inn tended to form additional

"shoulders" or absorption maxima under alkaline conditions.

In addition, it is apparent that the original B-phycoerythrin crystals exhibit a

"shoulder" in the 565 m^ spectral region which is lacking in the three-times re-

crystallized preparation. Whether this absorption represents an impurity in the

original crystallization or a modification of phycoerythrin on repeated recrystalliza-
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FIGURE 1. Absorption curves of once- and three-times recrystallized B-phycoerythrin. Solid

line, original crystals ; dashes, three-times recrystallized.

tion is unknown at the present time. There are, however, reasons for believing that

the latter may be the case. On repeated recrystallization it was found that the B-

phycoerythrin solubility at pH 7.5 decreased with the number of times the pigment
was recrystallized. Also the stability of the native and crystalline phycoerythrin to

hydrogen peroxide is different. Table I gives the reduction in optical density at

540 m/A of the two pigment solutions when treated with varying hydrogen peroxide

concentrations. The pH of both solutions was 5.8.

B-phycoerythrin was also isolated by the chromatographic method of Swingle

and Tiselius (1951). Haxo ct al. (1955) have successfully separated the phyco-

bilin pigments, including allophycocyanin, from several algal species by this method.

The latter pigment is also present in P. naiadum and this was the only method we

found to isolate allophycocyanin and phycocyanin in relatively pure form.
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The order of pigment elution from the column depends upon the pH of the elut-

ant. Using 1 to 2 M acetate buffer at pH 5.0 as an elutant, the pigments come
off the column in the following order : phycocyanin, B-phycoerythrin, a mixture of

phycoerythrin and phycocyanin. Allophycocyanin could not be eluted from the

column at pH 5.0; however, it was eluted with 0.1 M phosphate buffer, pH 7.0.

Whenphosphate buffer (0.05 to 0.1 M), pH 7.0, was used the elution order of the

pigment was : B-phycoerythrin, a mixture of phycoerythrin, phycocyanin and allo-

phycocyanin, and finally allophycocyanin.
The phycoerythrin isolated by this method was, however, never completely free

of phycocyanin and repeated chromatography did not remove this impurity.

Ultracentrifugation

Svedberg and his collaborators determined the molecular weight of crystalline

phycoerythrin from several species of red algae (Svedberg and Lewis, 1928; Sved-

berg and Katsurai, 1929; Svedberg and Eriksson, 1932). In a final paper of this

series Eriksson-Quensel (1938) found the molecular weight of R-phycoerythrin

TABLE I

The reduction in optical density (at 540 MH) of stock pigment solution and crystalline

B-phycoerythrin, treated with H^Oz for four hours

Stock pigment Crystalline
Percent solution B-phycoerythrin

H2 Os -.iE 5 40

0.040 0.000

1 0.874 +0.204
3 1.146 0.000

5 1.060 0.000

from Ccramhim rubnim to be 290,000 between pH 3.0 to 10.0. At other pH values

the R-phycoerythrin molecule breaks down into units with a molecular weight of

34,600 or a multiple thereof.

In view of the fact that we were dealing with a new type of phycoerythrin it was
considered desirable to determine its molecular weight and compare it with that of

R-phycoerythrin. The ultracentrifugation experiments were carried out for us

through the very kind courtesy of Drs. H. Cook and J. M. Luck of the Department
of Chemistry, Stanford University.

B-phycoerythrin that had been recrystallized several times was dissolved at

pH 7.0, centrifuged, and dialyzed at 1 C. in 0.05 Macetate buffer, pH 5.0. The
sedimentation constant (s 20 X 10 13

) was determined on the dialyzed preparation in

a Spinco ultracentrifuge and found to be 12.0. This value is comparable to that

found by Eriksson-Quensel (1938). Consequently it seems very probable that the

molecular weights of R- and B-phycoerythrin are the same. The crystalline B-

phycoery thrin was judged to be homogeneous from the fact that only one schlieren

peak was observed and the absorption boundary of the pigment corresponds almost

exactly with it. It may also be noted that Svedberg and Eriksson (1932) deter-

mined the molecular weight of what they designated native R-phycoerythrin from
Ceramiwn and found it to be similar to the crystalline phycoerythrin from this

species.
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Electrophoresis

The mobility of crystalline B-phycoerythrin was tested by dissolving it at pH 7.5,

centrifuging and then dialyzing at 1 C. in acetate buffer of 0.1 ionic strength,

pH 5.0. The movement is toward the anode at the rate of about 2.0 X 10~ 5 cm. 2

/

sec./volt.

The above value was determined by visually measuring the movement of the

ascending and descending boundary in a Tiselius apparatus (no schlieren optics

were available). Fairly reproducible results could be obtained, because of the in-

tense color of the pigment.

Crystalline B-phycoerythrin had charge characteristics different from those of

the remainder of the pigments in the stock solution and it was possible to determine

+ 20.0

+
I 6.0

4-12.0
LJ
CO

CVJ

O
If)

I

O

8.0

4.0

8

,H

FIGURE 2. pH-mobility curve of crystalline B-phycoerythrin. Mobility in 10"" cm.
2

/sec./volt.

Determinations by visual measurement in Tiselius apparatus.

the pH-mobility characteristics of this pigment. In this case the mobility values

were determined from either the ascending or descending boundary, depending upon
the pH of the determination. The pH-mobility curve of B-phycoerythrin is pre-
sented in Figure 2. No values were determined below pH 5.0 as the pigment
tended to precipitate below this pH value. The isoelectric point as extrapolated by
this method would be approximately at pH 4.5 which corresponds wy

ell with that

found for crystallization.

Other optical properties

The fluorescence spectrum of B-phycoerythrin has been determined by French,

Smith, Virgin and Airth (unpublished data) ;
at pH 7.0 the fluorescence maximum

is at 578
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The phycobilin constituents of P. naiadnm are B-phycoerythrin, phycocyanin
and allophycocyanin. At least the two former pigments are photosynthetically ac-

tive in that they pass absorbed light energy on to chlorophyll. In such studies it is

often essential to know the percentage of the total light absorbed by each pigment
at various wave-lengths. As purified pigments were available a curve analysis of

the absorption of the stock pigment solution was carried out. The percentage of

the total light absorbed by each of the phycobilin pigments at their respective ab-

sorption maxima is presented in Table II. These values are fairly consistent with

those presented by Yocum and Blinks (1954).

TABLE II

Percentage absorption of the total light absorbed by the various phycobilin pigments at different

wave-lengths of an extracted pigment solution of Porphyra naiadnm

Per cent
Wave-length total light

m/j Pigment absorbed

545 B-phycoerythrin 88

phycocyanin 9

allophycocyanin 3

615 B-phycoerythrin

phycocyanin 77

allophycocyanin 21

655 B-phycoerythrin

phycocyanin 18

allophycocyanin 82

The authors gratefully acknowledge the many helpful suggestions of Dr. C. B.

van Niel during the course of this work.

SUMMARY

A new phycoerythrin, B-phycoerythrin, isolated from PorpJiyni naiadnm, is de-

scribed. The purification and crystallization, ultracentrifugation, electrophoretic
and optical properties of this pigment are discussed. It has a major absorption

peak at 545 nip, with a minor, and transient, one at 565 m/x, which tends to dis-

appear on repeated crystallization. The molecular weight is apparently the same
as that of R-phycoerythrin (ca. 290,000). Its iso-electric point is close to pH 4.5,

and its mobility (toward the anode) at pH 5.0 is about 2 X 10' 5 cm. -/sec. /volt.
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